Exercise-1 (Topicwise) 


BIOT SAVART LAW 
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The magnetic field @B due to a small current element d/ 
ata distance * and carrying current iis | 
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- Acurrent/ ampere flows in a circular are of wire whose radius 


is R, which subtends an angle 37/2 radian at its center. The 
magnetic induction B at the center is 
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A 8 nucleus makes a full rotation in a circle of radius 
0.8 metre in two seconds. The value of the magnetic field B 
at the center of the circle will be 


10°” 
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. The magnetic induction at the center O in the figure shown 


is ; 
1 
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. A battery is connected between two points A and B on the 


circumference of a uniform conducting ring of radius r and 
resistance R. One of the arcs AB of the ring subtends an angle 


@ at the center, The value of the magnetic induction at the 


center due to the current in the ring is 
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(a) Proportional to 2(180° — 0) 
(b) Inversely proportional to r 
(c) Zero, only if 8 = 180° 
(d) Zero for all values of 8 
6. PQRS is a square loop made of uniform conducting wire 


the current enters thie loop at P and leaves at S. Then the 
magnetic field will be 


Q R 


(a) Maximum at the center of the loop. 
(b) Zero at the center of loop. 
(c) Zero at all points inside the loop. 
(d) Zero at all points outside of the loop. 
7. A point charge is moving in a circle with constant speed. 


Consider the magnetic field produced by the charge at a fixed 
point P (not center of the circle) on the axis of the circle. 
(a) It is constant in magnitude only. 

(5) It is constant in direction only. 

(c) It is constant in direction and magnitude both. 
-(d) Itis not constant in magnitude and direction both. 

8. Four infinitely long “L’ shaped wires, each carrying a current 

i have been arranged as shown in the figure. Obtain the -- 


magnetic field intensity at the point ‘O’ equidistant from all 
the four corners. 


© (a) 1 Wo/n? (b) 0 Wb/m? 
(c) 2 Wb/m? (d) None of these 
9. Two mutually perpendicular insulated long conducting wires 
carrying equal currents /, interact at origin, Then the resultant 
magnetic induction at point P (2m, 3m) will be 
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Two Parallel straight long conducting Wires, which are placed 
at a distance r from each other, are carrying equal currents / 
In opposite directions. The value of magnetic induction at a 


point situated at a point situated x from one wire in between 
the wires will be 


P} 1 ] ay Ul] 1 l 
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Two circular coils of wire each having a radius of 4 cm and 
10 turns have a common axis and are 6 cm apart. Ifa current 
of 1 A passess through each coil in the Opposite direction 
find the magnetic induction at a point on the axis, midway 
between them. 

(a) 13x 10°T 
(c) 15x 10ST 


(b) Zero 
(d@) None of these 


A current of i ampere is flowing through each of the bent 


wires as shown. The magnitude and direction of magnetic 
field at O is 
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AMPERE’S LAW AND ITS APPLICATIONS 
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“gs,” 
‘thick hollow wire ‘of internal radius ‘a’ and external radius 


If a long hollow copper pipe carries a direct current, the 
magnetic field associated with the current will be 

(a) Only inside the pipe. . 

(b) Only outside the pipe. 

(c) Neither inside nor outside the pipe. 

(d) Both inside and outside the pipe. 

There are 50 turns of a wire in every cm length of a long 
solenoid. If 4 ampere current is flowing in the solenoid, 
the approximate value of magnetic field along its axis at an 
internal point at one end will be respectively 


(a) 12.6 x 10 Weber / m2, 6.3 x 10-3 Weber /m? 
(b) 2.6 x 10° Weber / m’, 25.1 x 10 Weber /m? 
(c) 25.1 x 107% Weber / m?, 12.6 x 10° Weber /m? 
(d) 25.1 x 10° Weber / m?, 12,6 x 10-5 Weber /m? 


Current / is uniformly distributed across cross-section of 


‘b’. The magnetic field at x < a (where x is radial distance) 


Hol 
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 @ The magnetic field is different at d 


¢ of radius ‘R’ carries current along the 
formly distributed across cToss-section 
The wire contains a cylindrica] 
e magnetic field at centre 


A long cylindrical wir 
axis. The current is uni : 
having current density /. 7 
cavity as shown in figure. Find th 


of the cavity { > 
(a) Zero (6) Hol® 2 
oy bak (d) 2sgIR 


Acylindrical wire of radius R is carrying current / uniformly 
distributed over its cross-section. Ifa circular Nd of rading 
« is taken as amperian loop, then the variation value of 


B-dé over this loop with radius ‘r’ of loop will be best 


represented by 
(a) 


R r 


- Acurrent J flows along the length of an infinitely long. 


straight, thin walled pipe. Then 


(a) The magnetic field at all points inside the pipe is the 
same, but not zero. 


(6) The magnetic field at any point inside the pipe is zero. 
(c) The magnetic field is zero only on the axis of the pipe. 
ifferent points inside 
the pipe. 


In a coaxial, straight cable, the central conductor and the 


outer conductor carry equal currents in opposite directions. 
The magnetic field is zero. 


(a) Outside the cable. 
(5) Inside the inner conductor 
(c) Inside the outer conductor. 


| (d) In between the two conductors. 
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MOTION OF CHARGED PARTICLE IN 
MAGNETIC FIELD 
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A uniform electric field and a uniform magnetic field are 
produced, pointed in the same direction. An electron is 
projected with its velocity pointing in the same direction 
(a) The electron will turn to its right. 

(6) The electron will turn to its left. 

(c) The electron velocity will increase in magnitude, 

(@) The electron velocity will decrease in magnitude, 

An electron moving with a velocity of 10° m /s, enters a 
region where magnetic field exists. If it describes a circle 
of radius 0.10 m, the intensity of magnetic field must be 
(a) 1.8% 10° T (b) 5.6 x 10° T 

(ec) 144<105T (@) 1.3% 10*T 

A proton is moving along Z-axis in a magnetic field. The 


magnetic field is along X-axis. The proton will expentte 
a force along 


(a) X-axis 
(c) Z-axis 


(b) Y-axis 
(d) Negative Z-axis 


A deutron of kinetic energy 50 keV is describing a circular 
orbit of radius 0.5 metre in a plane perpendicular to magnetic 


field B . The kinetic energy of the proton that describes a 
circular orbit of radius 0.5 metre in the same lane with the 


same B is 
(a) 25 keV . (b) 50keV 
(c) 200 keV (d) 100 keV 


. The charge on a particle Yis double the charge on particle x. 


These two particles X and Y after being accelerated through 
the same potential difference enter a region of uniform 
magnetic field and describe circular paths of radii R, and R, 
respectively. The ratio of the mass of X to that of Y is 


R,) 
(a) 24.) (b) (A) 


R; 2R, 

: Ry 

A charged particle enters a magnetic field B with its initial 
velocity making an angle of 45° with B. The path of the 
particle will be 

(a) A straight line 
(c) An ellipse 


(c) 


(b) Acircle 
(d) A helix 


Two particles A and B of masses m, and m, respectively and 
having the same charge are moving in a plane, A uniform 
magnetic field exists perpendicular to this plane. The speeds 
of the particles are v, and v, respectively, and the trajectories 
are as shown in the figure. Then | 


(6) my, > MgVz 
(d) m,=m, and Vv, = Vz 


(a) m,v,<m,V; 


(c) m,<™m, and v, 25 
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A particle of mass M and charge Q moving with velocity 
describes a circular path of radius R when subjected to a 
uniform transverse magnetic field of induction B. The work 
done by the field when the particle completes one full circle 


is 
2 
(b) (# Ml Jone 


(c) Zero (d) BO2nR 

A very long straight wire carries a current /. At the instant 
when a charge +Q at point P has velocity v , as shown, the 
force on the charge is 


Y. 
ts = 


(a) Opposite to OX (b) Along OX 

(c) Opposite to OY (d) Along OY 

A negative charged particle falling freely under gravity enters 
a region having uniform horizontal magnetic field pointing 
towards north. The particle will be deflected towards 

(a) East (b) West 

(c) North (d) South 

A positively charged particle moves in a region having a 
uniform magnetic field and uniform electric field in same 
direction. At some instant, the velocity of the particle is 
perpendicular to the field direction. The path of the particle 
will be 

(a) A straight line. 

(b) Acircle. 

(c) A helix with uniform pitch. 


(a) BOv 2nR 


(d) A helix with increasing pitch. 


A neutron, a proton, an electron and an a-particle enters a 
uniform magnetic field with equal velocities. The field is 
directed along the inward normal to the plane of the paper. 


Which of these tracks followed are by a-particle? 
KR NMG Se ek 
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x 
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(a) A 
(c) C (a) D ; 
Electrons moving with different speeds enter a uniform 
magnetic field in a direction perpendicular to the field. They 
will move along circular paths. ,._ , - 
(a) Of same radius, | 
(b) With larger radii for the faster electrons. _ 
(c) With smaller radii for the faster electrons. 
(d) Either (b) or (c) depending on the magnitude of the 
magnetic field. 


(b) B 


> 


33. The direction of magnetic force on the electron as shown in 
the diagram is along 


€ 
(b) ~-axis 
(d) —z-axis 


(a) y-axis 
(c) z-axis 
34. An electron is moving along positive x-axis. A uniform 
electric field exists towards negative y-axis, What should 


be the direction of magnetic field of suitable magnitude so 
that net force of electron is zero? 


(a) Positive z-axis 
(c) Positive y-axis 


(b) Negative z-axis 
(a) Negative y-axis 


MAGNETIC FORE ON CURRENT CARRYING 
WIRE 


35. Two long and parallel wires are at a distance of 0.1m and 
a current of 5 A is flowing in each of these wires. The force 
per unit length due to these wires will be 
(a) 5x 10° N/m (b) 5 x 103 N/m 
(c) 2.5 x 10° N/m (d) 2.5 x 104 N/m 

36. A uniform magnetic field exist in a region . A loop carrying 
current is placed in this magnetic field as shown in figure, 
then force on loop ABC is 


A 
> 


(a) BIL (b) 3BIL 
(c) (2+ 2)BIL (d) Zero 


37. In the given figure force per unit length on wire 2 will be 


1<—_—_——> —_—d——! 


2 ; 2u lr’ , 

(a) “bo (lef (b) mean 
’ y= - ‘ Hd? 

(c) He -(left * (d) a (Right) 


t length of wire is 2 kg/m and spring 


ig 100 N/m. The magnitude and direction 
‘ force becomes Zero, 


38 The mass per unt 
constant of spring 
of current in wire so that the spring 


(Take g = 10 m/s’) 


B= 5 tesla 
54 , wie ia 
x 

x3 Mm x 63 . 
x | x . 2 if 
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o—i.n-—" 
(b) 4A anticlockwise 


(a) 4A clockwise 
(d) 20A anticlockwise 


(c) 10 A anticlockwise 


‘39. A smooth incline plane is placed in uniform magnetic field, 


Awire of length | mand | kg is placed on incline plane. The 
current in wire is 2 A and its direction is shown in figure. 
What is normal reaction force on wire? 


(a) Zero (6) 8 Newton 
(c) 14 Newton (d) 12 Newton 
40. Inthe previous question if inclined plane is rough and current 


in wire is doubled, then the magnitude of fiction on wire to 
keep wire at rest is : 


(a) 10 Newton 
(c)' 12 Newton 


(b) 8 Newton 
(d) 16 Newton 


41. Astraight current carrying conductor is placed in such a way 
that the current in the conductor flows in the direction out 
of the plane of the paper. The conductor is placed between 


two poles of two magnets, as shown. The conductor will 
experience a-force in the direction towards 


P 
CSIR s[N_] 

(a) P (b) O 

(c) R (ad) S 


TORQUE AND POTENTIAL ENERGY OF COIL 
IN EXTERNAL MAGNETIC FIELD 


42. A circular coil of radius 4 em has 50 turns. In this coil a 


current of 2 A is flowing. It is placed in a magnetic field of 


pr | der Perpendicular to the plane of coil. The amount 
of work done in rotating it through 180° from ; , a one 
position will be chien om its equilibrium 


@ OT @25 48 043 


(2) 0.8 J 
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2. Acurrent carrying wire AB of the length 27 is turned along — 
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(©) Ee (n- 0) 


; sae current ij enters and ees a square loop made 


The raisins of a circular loop is r and a current / is flowing 
in it. The equivalent magnetic moment will be 


(a) ir (b) 2nir 

(c) in? (d) * 

To make the field radial in a moving coil galvanometer 
(a) The number of turns in the coil is increased. 

(b) Magnet is taken in the form of horse-shoe. 

(c) Poles are cylindrically cut. 

(a) Coil is wounded on aluminium frame. 

In a moving coil galvanometer, the deflection of the coil is 


related to the electrical current i by the relation 

(a) ixtan8 (b) ix®@ 

(c) ix @ (a) ix Je 

A small coil of N turns has an effective area A and carries a 
current /. It is suspended in a horizontal magnetic field B 


such that its plane is perpendicular to B . The work done in 
rotating it by 180° about the vertical axis is 


(a) NAIB (b) 2NAIB 
(c) 2xNAIB (d) 4nNAIB 
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A triangular loop of side / carries a current J. It is placed in 
a magnetic field B such that the plane of the loop is in the 
direction of B. The torque on the loop is 


(a) Zero (b) IBI 
(c) By (d) Bins 


A circular loop of area | cm’, carrying a current of 
10 A, is placed in a magnetic field of 0.1 T perpendicular 
to the plane of the loop. The torque on the loop due to the 
magnetic field is 


(a) Zero (6) 104 Nm 

(c) 10? Nm (d) 1 Nm 

A small circular loop of conducting wire has radius a and 
carries current /. It is placed in a uniform magnetic field B 
perpendicular to its plane such that when rotated slightly 
about its diameter and released, it starts performing simple 
harmonic motion of time period T. If the mass of the loop 


is m then 
2m” 
(a) T= | (b) T= 7B 


| ™m 2am 
© T= A Eo “IB 


Exercise-2 (Learning Plus) 


Two parallel, long wires carry currents i, and i, with 
i, > i,. When the current are in the same direction, the 
magnetic field at a point midway between the wire is 
20 pT. If the direction of i, is reversed, the field becomes 


30 pT. The ratio i,/i, is 


(b) 3 
(d) 1 


(a) 4 
(c) 5 


a circle, as shown in figure. The magnetic field at the centre 
O. 


ui ( 2n-0 Moi ( 2n- =" 
@) aC on 2n-8) (°) be (288 on 
(d) i Sy (on + 0) 


of homogeneous wire of uniform cross-section through 
diagonally opposite'corners, A charge particle q moving 


along the axis of the square loop passes through centre at 
speed v. The magnetic force acting on the particle.when it 
passes through the centre has a aan 


| Loi 
@ wy (Foe. 
(c) qv (d) zero 


. Aparticle having charge of 1 C, mass 1 kg and speed | m/s 


enters a uniform magnetic field, having magnetic induction 
of | T, at an angle 0 = 30° between velocity vector and 
magnetic induction. The pitch of its helical path is (in meters) 


(a) = (b) V3n 


@ > (@) x. 


. Two infinitely,long, thin, insulated, straight wires lie in the 
x-y plane along the x and y-axis respectively. Each wire 


carries a current J, respectively in the positive x-direction 
and positive y-direction. The magnetic field will be zero at 
all points on the straight line: iis ke 
Ofp==* 

i y= “x + ds. 


(a) y=x | 
(c) y=x-1 


6. A charge +2¢ moves vertically upwards 


me Hof 
with speed v, a second charge ~q = y (a) Zero (5) 6a 
moves horizontally to the right with iy \d F Hoi In2 
the same speed v, and a third charge +9 cae a (c) Ho! (d) fa 
5 3 . ’ a ‘ = i 
moves horizontally to the right with the ta 10. Figure showsa thin metal sheet in the plane y- 0, see sia the 
Seno apend.y. The gGiat Pte located fy "current of constant density flows in the positive x-direction, 
a perpendicular distance @ away from 1O—> It is in a constant homogeneous magnetic field of value 
each charge as shown in the figure. The = (0,0, B,). Asa result of superposition of ee sigs? in 
magnetic field at point P is region y > 0, the induction field B, = (0, 0, B) and in y <0 is 
) Ip 2qv B, = (0, 0, B,) where B, > B,. Specify the correct statement: 
(a) Into the page with magnitude S252 | aoe 
4n a‘ 
; ' 4qv ” 
(5) Into the page with magnitude ey } B, 


(c) Out of the page with magnitude Ho 2qv b 
4n a“ 
(@) Out the page with magnitude Ho 4qv : 
4n a” 
7. Current i= 2.5 A flows along the circle x? + y’ =9 cm? (here 
xand y are in cm) as shown. Magnetic field (in Tesla) at point 
0.0.4em)i _ (B,- 8) 
(0, 0, 4:cm) is (a) arr a 
(c) B,=B,+B, (d) B,=8B8,-B, 

11. Three long current carrying wires are placed such that their 
current is in positive z direction. They are parallel to z axis 
and pass through the point (3,0,0), (—3,0,0) and (0;0,0). The 
current in all the three wires are equal. Find the coordinates 


(5) Bo 


= (B, + B,) . 
2. 


(a) G6x x 10~)k (b) (362x107 \-k) ' of the point where the magnetic field is zero. 
Qn. )- Be. Sees (a) (V3, 0,1) (6) (2, 1, 0) 
(c (7x10 ji (72x10 "| -k | eae 
MG Os CH © (01,2) (a) (2, 0,2) 
8. The resistances of three parts ofa circular loop areas shown |‘ 12. Two cylindrical conductors carrying same current but in 


in the figure. The magnetic field at the centreOis the opposite direction to each other as shown. The current 


density in both of them is J. What is the magnetic field in 
the overlapping region ? 


(a) MoJ x € . 
— ® & 
(5) ug(Fxd) 
(c) Different at different points 
(a) Ho I 13. pa are Wrapped over a wooden cylinder to form two 
Lae “axial loops carrying cu j i. if i=; 
6 § Currents i, and i,. if j.= 
‘ ‘i e of x for B = 0 at the origin O is - | ey Oh le Na 
(c) ~— ‘(d) Zero 
a 


9. A conductor carrying current ‘i’ is bent in the form of 
concentric semicircles as shown in the figure. The magnetic 
field at the centre O is : 


(a) \(V7 -l)R 


CoH (0) Jip 
(©) VBR . (@) V7R 
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17. 
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A square loop of side Z and mass M is hinged about edge 
AD and edge BC is attached with a string such that the loop 
is horizontal. A magnetic field is present along +ve x-axis. 
A current flows along D + A + B + C+ D such that the 
tension in the string becomes zero, If the direction of current 
is reversed by keeping magnitude same, the tension in the 
string will become 


y 
A’ 


. L Cc 
. Z 
(a) Mg (b) 2Mg 
3 
(c) 3Mg (d) ws 


A conductor of length / is placed perpendicular to a horizontal 
uniform magnetic field B. Suddenly a certain amount of 
charge is passed through it, when it is found to jump to 
a height h. The amount of charge that passes through the 


‘conductor is 
(@ ee cy Zev 
Bl 3Bl 
9 
(c) = = (d) None of the above 
Co-ordinates of four corners of a square loop are 


aoa 

A =(0, 0, 0), B= (0, 0, a), C= | ~,—=.a| and D= 
mogantance( Se 
aa 0 
ae 
direction. The magnetic moment of the loop would be 

2 2 : 2 "2 

a-~ @ > ax ar 
(a) = +E (b) (5-5) 

2" 2 v2" 2 

Pao des , ar 
(c) [2 3+5i) (d) [#13 

v2" V2 \W2 V2 
A ring of radius 5 m is lying inthe _ y 


x-y plane and is carrying current LA 
of | A in anti-clockwise sense. If a 


.Acurrent J is flowing in the loop in ABCDA 


uniform magnetic field B = 31+ 4 x 
is switched on, then the co-ordinates 
of point about which the loop will 


lift up is: 
(a) (3,4) (6) (4, 3) 
(c) (3, 0) (d) (-3, -4) 


A circular coil of 100 turns and effective diameter 20 cm 
carries a current of 0.5 A. It is to be turned in a magnetic 
field B = 2 T from a position in which 0 equals zero to 0 
equals 180°. The work required in this process is 

(a) nJ (b) 2nJ 

(c) 4nJ “\ (da) 8rJ 


JS 
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The figure shows a conducting loop ABCDA placed in a 
uniform magnetic field perpendicular to its plane. The part 
ABC is the (3/4)" portion of the square of side length /. The 
part ADC is a circular arc of radius R. The points A and C 
are connected to a battery which supply a current / to the 
circuit. The magnetic force on the loop due to the field B is 


x x 
x x 
x X= 
x x 
x x 
x x 

(a) Zero 

(c) 2BIR 


A very long wire carrying current / is fixed along x-axis. 

Another parallel finite wire carrying a current in the opposite 

direction is kept at a distance d above the wire in xy plane. 

The second wire is free to move parallel to itself. The options 

available for its small displacements are in 

(i) +ve x direction (ii) +ve y direction 

(iii) +ve z direction 

Taking gravity in negative y direction, the nature of 

equilibrium of second wire is 

(a) Stable for movement in x direction, unstable for 
movement in y direction, neutral for movement in z 
direction. 

(b) Stable for movement in y direction, unstable for 
movement in z direction, neutral for movement in x 
direction. 

(c) Stable for movement in z direction, unstable for 
movement in y direction, neutral for movement in x 
direction. 

(d) Stable for movement in y direction, unstable for 
movement in x direction, neutral for movement in z 
direction. 

Two rigid long wires carrying currents i, and i, are placed 

over each other. Then under influence of each other's 

magnetic field, 


(a) The conductor | slides to right and conductor 2 slides 
downwards. 

(b) The conductor | slides to left and the conductor 2 slides 
up. 

(c) The conductor 1 rotates clockwise and conductor 2 
rotates anticlockwise. 

(d) The conductor | rotates anticlockwise and conductor 2 
rotates clockwise. 


22. A thin uniform rod with negligible mass and length 7 is 
attached to the floor by a frictionless hinge at point P. A 
horizontal spring with force constant A connects the other end 
to wall, The rod is ina uniform magnetic field B directed into 
the plane of paper. What is extension in spring in equilibrium 
when a current is passed through the vod in direction shown? 
(Assuming spring to be in natural length initially.) 


spring in relaxed position In equilibrium position 


SuIB 3B 
a) acetate. SB) sas. 
‘oS 0) 
SB SIIB 
©) raniatiant Pete il 
oS (¢) 6k 


23. Consider six wires coming into or out of the page, all with 
the same current. Rank the line integral of the magnetic field 
(from most positive to most negative) taken counterclockwise 
around each loop shown, 


(a2) B>C>D>A 
(®) B>C=D>A — 
(ic) B>A>C=D 
(7) C>B=D>A 

24. A current carrying loop is placed in a uniform magnetic 
field pointing in negative z direction. Branch PORS is a 
three quarter circle, while branch PS is straight. If force on 


branch PS is F, force on branch POR is : 
Y 


F 
(a) V2F (>) be 
be a + 7B7i [.> 


25. 


26. 


as 


28. 


; ‘ niform ma eti 
Figure shows four wires placed in the same pane: ecg tic 
field B and carrying the same current in whi¢e Tce 
acting on the wire is minimum et 
x 


x xX xX kK KX K X 


(a) 


x xX X X X X 
xX X KX X X XxX 


x x x KX X KX X 
x x x * x XX 
x * KX Kx x Xx 
x K xX x 
(d) x fx x * x x 4% 
x x K& KX X XK 
-—————1 
[pen 
O 150 : O . 


In the figure, there is a conducting wire having current i and 
2 


‘ FF wl 3 : 
which has a shape of half ellipse gy = ] is kept in 


a uniform magnetic field B as shown. If the mass of wire is 


m, the acceleration of wire will be 


2iaB 


m 


(c) 


A metallic rod PQ is hinged at point P and it can rotate about 
point P in vertical plane as shown in the figure. If mass of 
rod is m and length /, then the current in PQ, such that it 
remains in equilibrium as shown. (Separation between P and 
current carrying conductor AB is very small) 

B| a 


iit BN ath ee 
P m, r . 


Alo 
\ 2met men 
= (6) —S* 
Hoh 2p, 
3) men (d) met 
ALtoi, Moi, 


The velocity with which parti 
parallel to the wire at a dista 
light in medium) 
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32. A neutral particle at rest in a magnetic field decays into two 


j . charged particles of different mass. The energy released 
V goes into their kinetic energy. Then what can be the path of 
= q the two particles. Neglect any interaction between the two 
charges. 
; x “ xX K KM xX x x xX X x 
~ r x x x x x * 
(a) — (d) x se x x 
el 2ye/ (a) (b) 
2 x “ x x 
Ac” 2’ 
(q (dq) — x x x x x x 
| pel 
29, A non relativistic positive charge particle of charge q and 2 ee oe ¢ point. of collision. 


mass m is projected perpendicular to uniform magnetic 


x 
x 


field B as shown. Neglecting gravity calculate X-coordinate am 


x x x 
x x x 
of point on screen at which the charge particle will hit: x x x © 
rv3 my x x x x 
d= , Where r= — (c) x x (d) 
2 qB x x ex x 


x 
x 
x xX X 


x x 


x x x x 
x x 


x 


x x x x x 


point of collision nam im & 


be 


33. Acharge particle of charge g, mass m is 
projected with a velocity v= vi . The 
electric field E = Ek and magnetic field m q x 


(a) V3r (b) 2r | B=B is applied. The acceleration of a 
(c) 2.5r (d) 0.5r . the particle is F- 
30. At t= 0 a charge q is at the origin and moving in the (a) qvB : (b) GE 
y-direction with velocity ¥=vj. The charge moves in a m ; k 
magnetic field that is for y > 0 out of page and given by (c) q(E + vB)k. (d) q(E —vB)k 
B,2 and for y < 0 into the page and given —B,Z . The ? ™ 
charge's subsequent trajectory is shown in the sketch. From 34. A charge q is moving with a velacity ¥, = eee ee point 


this information, we can deduce that 


in a magnetic field and experiences a force F, = a—j+ k] 
y 


N. If the charge is moving with a velocity ¥, =17 m/s at 
ZO/- the same point, it experiences a force F, = q[i —k] N. The 
magnetic induction B at that point is 

(a) (§+j+k)Wb/m? (b) G@—j+k)Wb/m" 


(a) q>Oand|B,|<|B,| (6) ¢<Oand|B,|<| 2, | ; (c) (-i+j-k)Wbim? — (@) (i+ j-k)Wo/m? 

(c) g>Oand|B,|>|B,| @ q<Oand|B,|>| 5, | 35. Electric and magnetic field are directed as Eyi and Bok .a 
31. The figure shows a particle (carrying charge +q) at the origin. particle of mass m and charge +g is released from position 

A uniform magnetic field is directed into the plane of the (0, 2, 0) from rest. The velocity of that particle at (x, 5, 0) is 

paper. The particle can be projected only im the plane of (Si +127) the value of x will be 

paper and along positive or negative x- or y-axis. The particle a : 

; located in mm 25m 

moves with constant speed and has to hit a target ocate (a) (b) 

the third quadrant. There are two direction of projections, 2qEo 12qEo 

which can make it possible, these are : (c) 144m (a) 169m 

12gE) 2qEy 


36. Acharged particle is projected ina magnetic field B = 10k T 
from the origin in x-y plane. The particle moves in a circle 


and just touches a straight line y = 5 (m) at x = 5V3 (m). 
Then (mass of particle = 5 x 10™ kg, charge = 1p) 

(a) the coordinates of centre of circular path are (10, 0) 
(b) the coordinates of centre of circular path are (5/3, — 5) 


(c) the coordinates of centre of circular path are (5, — 5/3) 


@ 
® 


(a) +x and ty -' (b) +x and-y } 
(c) -x and +y (d) -x and -y (d) the coordinates of centre of circular pathare (5V3, — 5/2) 
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Exercise-3 (JEE Advanced Level) 


» MULTIPLE CORRECT TYPE QUESTIONS 


1. A long straight wire carries a current albng the x-axis. 
Consider the points A(0, 1,0), BO, 1, 1), C(1, 0, 1) and 
DI, 1, 1). Which of the following pairs of points will have 
magnetic fields of the same magnitude? 


6 


(b) abe> 1 


(a) abc = | 
(d) a=be 


(c) abe <1 haraelt 

c 
Consider the following statements apnea ae a i 
particle in a magnetic field. Which of the stateme 


(a) Starting with zero velocity, it accelerates In a ceecnen 


eS) donde perpendicular to the magnetic field. 

O) donde (b) While deflecting in magnetic field its energy gradually 
(c) Bandc increases. 
(@ BandD (c) Only the component of magnetic field perpendicular 


2. In the previous question, if the current is i and the magnetic 
field at D has magnitude B, then 


to the direction of motion of the charged particle “ 
effective in deflecting it. 
(d) Direction of deflecting force on the moving charged 


oe _ particle is perpendicular to its velocity. 
ve 7. A beam of electrons moving with a momentum P enters a 
(6) B= uniform magnetic field of flux density B perpendicular to its 


(c) Bis parallel to the x-axis. 
(d) B makes an angle of 45° with the xy plane. 


3. Two long thin, parallel conductors carrying equal currents in 
the same direction are fixed parallel to the x-axis, one passing 
through y = a and the other through y = —a. The resultant 
magnetic field due to the two conductors at any point is B. 
Which of the following are correct? 


(a) B=0 for all points on the x-axis. | 

(b) At all points on the y-axis, excluding the origin, B has 
only a z-component. . 

(c) At all points on the z-axis, excluding the origin, B has 
only a y-component. 

(d) B cannot have an x-component. 

4. Ahollow tube is carrying an electric current along its length 
distributed uniformly over its surface. The ¢nagnetic field 
(a) Increase linearly from the axis to the surface. 

(b) Is constant inside the tube. 

(c) Is zero at the axis, 

(d) Is non-zero outside the tube at finite distance from 
surface. 


5. Two identical charged particles enter a uniform magnetic 


motion. Which of the following statement(s) is (are) true? 
2 


(a) Energy gained is 2 
2m 


: m 
- (6) Centripetal force on the electron is Be n 


(c) Radius of the electron’s path is = 


e 
(d) Work done on the electrons by the magnetic field is zero. 


- Two ions have equal masses but one is singly-ionized and 


other is tripply-ionized. They are projected from the same 


place in a uniform magnetic field with the same velocity 
perpendicular to the field. 


(a) Both ions will go along circles of equal radii. 

(5) The circle described by the single-ionized charge will 
have a radius triple that of the other circle. 

(c) The two circles do not touch each other. 

(d) The two circles touch each other. 


. Let E and B denote the electric and magnetic fields in a 


through it undeflected. Indicate which of th 


certain region of space. A proton moving with a velocity 7 


along a straight line enters the region and is found to pass 


€ following 
statements are possible for the observation? 


(a) E=OandB=0 

(b) E#0andB=0 

(c) E+0,B#0 and both E and B are Parallel to ¥ 
(ad) E is parallel to 3 but B is perpendicular to v 


COMPREHENSION BASED QUESTIONS 


Comprehension(Q. 10 to 14): 
answer the questions. They hay 


field with same speed but at angles 30° and 60° with field. 
Let a, b and c’be the ratio of their time periods, radii and 
pitches of the helical paths then } 


(Read the following Passage and 
€ only one correct option) 


fags? JEE XI : ip 
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In the given figure of a cyclotron, showing the particle source 
S and the dees. A uniform magnetic field is directed up from 
the plane of the page. Circulating protons spiral outward within 


the hollow dees, gaining energy every time they cross the gap 
between the dees. 


Beamy. 


Deflector bo ior 


plate 
Oscillator 


Suppose that a proton, injected by source § at the centre of the 
cyclotron in figure initially moves toward a negatively charged 
dee. It will accelerate toward this dee and enter it. Once inside, 
it is shielded from electric field by the copper walls of the dee; 
that is the electric field does not enter the dee. The magnetic field, 
however, is not screened by the (nonmagnetic) copper dee, so the 
proton moves in circular path whose radius, which depends on its 
speed, is given by 


Pd ...(i) 


Let us assume that at the instant the proton emerges into.the center 
gap from the first dee, the potential difference between the dees is 
reversed. Thus, the proton again faces a negatively charged dee and 
is again accelerated. This process continues, the circulating proton 
always being in step with the oscillations of the dee potential, until 
the proton has spiraled out to the edge of the dee system. There a 
defiector plate sends it out through a portal. 

The key to the operation of the cyclotron is that the frequency 
f at which the proton circulates in the field (and that does not 
depend on its speed) must be equal to the fixed frequency /,.. of 
the electrical oscillator, or 


J=f,,. (resonance condition) (ii) 


This resonance condition says that if the energy of the circulating 
proton is to increase, energy must be fed.to it at a frequency f,,, that 
is equal to the natural frequency f at which the proton circulates 
in the magnetic field. 
Combining Eq. (i) and (ii) allows us to write the resonance condition as | 
gB = 2umf,,..- | (ill) 
For the proton, g and m are fixed. The oscillator (we assume) is 
designed to work at a single fixed frequency f,,,. We then “tune” 
the cyclotron by varying B until eq. (iii) is satisfied and then many 
protons circulate through the magnetic field, to emerge as a beam. 


10. Ratio of radius of successive semi circular path is 


(a) Vi:J2:V3:V4 
(b) Vi:V3:V5__ 


(c) V2:V4:V6 Le, . awe Te) 
Qh 62 Bijesgersrtewes Pe ee 
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= 
—= 
. 


Change in kinetic energy of charge particle after every time 
period is 

(a) 2qV 

(b) qV 

(c) 3qV 

(d) None of these 

12. If g/m for é charge particle is 10°, frequency of applied AC 
is 10° Hz. Then applied magnetic field is 

(a) 27 tesla 

(b) n tesla 

(c) 2 tesla 

(d) None of these 


13. Distance travelled in each time period are in the ratio of 


(a) Ji4J3:J54V7:J94Vi1 
(b) J2+V3:V4+V5:V6 +07 
(c) Vi: V2 :/3 
(d) J2:V3:V4 


14. For a given charge particle a cyclotron can be “tuned” by 
(a) Changing applied A.C. voltage only. 
(d) Changing applied A.C. voltage and magnetic field both. 
(c) Changing applied magnetic field only. 
(d) By changing frequency of applied A.C. 
Comprehension(Q. 15 to 17): Curves in the graph shown give, 


_as functions of radial distance r (from the axis), the magnitude B 


of the magnetic field (due to individual wire) inside an outside 
four long wires a, b, c and d, carrying currents that are uniformly 
distributed across the cross sections of the wires. Overlapping 
portions of the plots are indicated by double labels. All curves 
start from the origin. 


15. Which wire has the greatest radius? 
(a) a (b) b 
(c) c (d) d 
16. Which wire has the greatest magnitude of the magnetic field 
on the surfice? } 
(aja (b) b 
(c) ¢ (a) d 
17. The current density in wire a is 
(a) Greater than in wire c. 
(b) Less than in wire c. 


1 


(c) Equal to that in wire c. 


(d) Not comparable to that oft in ‘wire ro due to lack of 
information. 


r 
ee 
| 


: in the figure, fing | 

a , te system In me nd | 

Comprehension(Q. 18 to 24):A uniform and transverse magnetic 24, According to the given oe ented particle during the | 
field exists into a regular hexagonal region as shown in figure. A the equation of trajectory © pe | 
charged particle ‘g’ is thrown into the magnetic field with speed time it remains in magnetic Te aur 


along line OA. toy 2a) + (y + 2a) = 3a’ 


(b) (x + 2ay + (+ 2ay = 20° 
(c) x2 + (y+ 2ap = 2a’ 
(d) 2+ (y + Zap = 3a 


| wn eee X axis MATCH THE COLUMN TYPE QUESTIONS 

: 25. Column-II gives four situations in which three (in q, : ) = | 
four (in p) semi infinite current carryin& wae yt sae 

xy-plane as shown. The magnitude and direction o current is 

shown in each figure. Column-I gives statements regarding 

the x and y components of magnetic field at a point P whose 


4 axis 
' 
f] 


18. The time spent by charged particle in magnetic field is 


@ — (b) 2mm coordinates are P(0, 0, a). Match the statements in Column-[ 
= e with the corresponding figures in Column-II. 
mum mm oa 
i 3qB (@) V3qB Column-! Column-tl 
19. The derivation in the path of charged particle is A. |The x component 
(a) 30° (b) 60° of magnetic field at 
(c) 90° (ad) 120° point P is zero in 
20. The magnitude of change in velocity and magnitude of 


average acceleration during the time charge remains inside 
magnetic field. 


3qvB 
ed ent, (b) V,— ; 
. m ™ . |B. | The z component 
B | of magnetic field at 
(c) BY, ba (d) sy, N3n8 i _ | point P is zero in 
m Tum ae ay a 


21. 


-— 


Find the displacement and average velocity during the time 
it remains in magnetic field 


(a) esd 
71m 


. (b) avV3,3V3 qBa | magnetic field at 
5. ae see - | point Pig Hot in 
o = : ss 4nd = | | -- —»—4----- = 22. 
3" am . 4 | 
a 33 qBa 
(@) rs : 
22. Find angular momentum of charged particle about centre of The magnitude of 
curvature of trajectory magnetic field at 
_s _mva 
(a) mva (d) <B Rees 
mva 
(c) mvav3 Q = 


The magnitude of 


23. Find angular momentum of charged particle about centre of 


hexagon when deviation becomes = (a) A-(p,q,r) ; B-(p,q) ; C-(q,1) ; D-@ 


hi qr) | 

(a) mva(V3-1) (6) mav(2-V3) - ae + B(P.4s59) 5 C-0) ; D-(P,qur5) 
en a (d) nivale a0) . (c) -(p.q) ? B-(q,1,s) 3 C-(r) : D-(p,1,s) 

on () A@.48) 3 Ba.n8) C5) ; DG.) 
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26. There are four situations 


eM ons given in Column-I involving a 
magnetic dipole of dipole moment ji placed in uniform 
external magnetic field B . Column-Il gives corresponding 


results. Match the situations in Column-I with the 
corresponding results in Column-Il. 


Column-| Column-tl 


Magnetic dipole moment 
Lt is parallel to uniform 
external magnetic field 
B (angle between both 
vectors is zero) 


Force on dipole is 
zero 


B. | Magnetic dipole moment 
| My is perpendicular 
to uniform external 


Torque on dipole 
is Zero 


magnetic field B 
Angle between magnetic 


dipole moment H 
and uniform external 


Magnitude of 
torque is (1B) 


magnetic field B is 
acute 


D. | Angle between magnetic 

dipole moment Hi 

and uniform external 

| magnetic field B is 

180°. 
(a) A-(p.q) : B-(rs) ; C-(p) ; D-(p.q,r) 
(6) A-(p) : B-(p.1) ; C-(1) ; D-p.4) 
(c) A-p.q) ; B-(p.1) ; C-(p) ; D-@.a8) 
(d) A-(q.r) ; B-(r) ; C-(p) ; D-(q,r) 


Potential energy 
of dipole due to 
external magnetic 
fieldis(uB) 


NUMERICAL TYPE QUESTIONS 
= charge g = -4pC has an instantaneous velocity v = (2 


29. 


x 10° —3 x 10° J + 10%K ) m/s ina uniform field = (2 x 
102 7 +5 x 102J—3 x 107K) T. What is the magnitude 
of x component of force on the charge in N? 


. An electron accelerated by a potential difference 
V = 1.0 kV moves in a uniform magnetic field at an angle | 


a. = 30° to the vector B whose modulus is B = 29mT . Find 


the pitch of the helical trajectory of the electron in mm.. 


A super conducting ring has a radius of 1.4 cm and a mass 
of 30g. The ring carries a constant current / and is placed in 
a 0.5 T magnetic field with field lines that are tilted at a 20° 
angle, outward from the vertical at every location around 
the ring. What must the current / in Ampere be for the ring 
to float in the magnetic field? A 

[Given sin20° = 0.34 ; cos20° = 0.94] 


20° 


30. 


31. 


32. 


33. 


34, 


A coil of radius 25 cm has 15 turns and lies in the x-z plane. 
It carries a current of 2A, as in figure. Find magnitude of 
torque o the col for B = 0.27T in Nm. 


rd 


z 
Two perpendicular straight wires join the ends of a 
semicircular loop of radius a, as shown in the figure. If the 
current is /, the resultant field at the centre of the circular 


section is given by x x 10°’ ! then xis 
a 


A proton accelerated by a potential difference V= 500 kV flies 
through a uniform transverse magnetic field with induction 
B=0.51 T. The field occupies a region of space d= 10 cm 
in thickness. Find the angle @ in degree through which the 


proton deviates from the initial direction of its motion. 


The magnetic field existing in a region is given by 
B= B, [1+=)e . A square loop of side / and carrying a 


current J, is placed with its sides parallel to the x and y axes. 
The magnitude of the net magnetic force experienced by the . 
loop is kB,J/, then k is 


A current J = 10A flows in a ring of radius 7, = 15 cm made 
of a very thin wire. The tensile strength of the wire is equal 
to T= 1.5 N. The ring is placed in a magnetic field which 
is perpendicular to the plane’ of the ring so that the forces 
tend to break the ring. Find B in Tesla at which the ring is 
broken, 
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SUBJECTIVE TYPE QUESTIONS "37. Find magnetic field at 0 (Given that AB = 4 = @) 


35. In the given figure ABC is a right angled triangle shape wire i R 


carrying current /. Here OB = OD then find the net magnetic 
field at O. 


SE > 
36. In the given figure current in each element is J, Radius of each 
semicircular element is double of preceding semi circular 
element. There are infinite number of repetitions like this. 
Find net magnetic field at origin. (Smallest semicircle has 
radius R) 


One of the two identical conducting wires of length L is bent 
in the form ofa circular loop and the other one into a circular 
coil of N identical turns. If the same current is passed in both, 
the ratio of the magnetic field at the centre of the loop (B,) 


JEE MAIN , 3. 


1. The dipole moment of a circular loop carrying a current J 
is m and the magnetic field at the centre of the loop is B,. 
When the dipole moment is doubled by keeping the current 


B 
. to that at t : oo SR ss 
constant, the magnetic field at the centre of the loop is B,. 0 that at the centre of the coil (B,), ice. B. will be (2019) 


_ BB. 1 
The ratio — is (2018) N 25 
B, (a) () 
] 
] ‘ : 
(c) yo (d) 2 | 4. An insulating thin rod of length ¢ has a linear charge density | 
x | 


. A particle having the same charge as of electron moves in 
a circular path of radius 0.5 cm under the influence of a 
magnetic field of 0.5 T. Ifan electric field of 100 V/m makes 
it to move in a straight path, then the mass of the particle is 
(given charge of electron = 1.6 x 10:!°C),. (2019) 
(a) 9.1 :107/kg (b) 1.6%*.10°7 kg 

(c) 1.6 x 10°’ kg (d) 2:0« 10% kg 


‘ad 


AVG 


P(x) = Py ; on it. The rod is rotated about an axis passing | 


through the origin (x = 0) and Perpendicular to the rod. If | 

the rod makes v rotations per second, then the time averaged. 

magnetic moment of the rod is (2019) 
3 

(a) ™Po! 0) Enpye | 

tO | 

{ 

1 


(d) npye? 
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18 
(c) Zio 


i 


6 GRN 


i 


5. As shown in the figure, two infinitely long, identical wires 


10. 


are bent by 90° and placed in such a way that the segments 
LP and QM are along the x-axis, while segments PS and 
ON are parallel to the y-axis. If OP = OQ = 4 cm, and the 
magnitude of the magnetic field at O is 10“ T, and the two 
wires carry equal current (see figure), the magnitude of the 
current in each wire and the direction of the magnetic field 
at O will be (uy = 42 x 10°? NA) (2019) 

S 


es 


™ 
“v 
S 
ee ee) 
i) 
= 


N 


(a) 20 A, perpendicular out of the page. 
(o) 40 A, perpendicular out of the page. 
(c) 20 A, perpendicular into the page. 
(@) 40 A, perpendicular into the page. 


. A proton and an a-particle (with their masses in the ratio 


of 1 : 4 and charges in the ratio of 1:2) are accelerated from 
rest through a potential difference V. If a uniform magnetic 


field (B) is set up perpendicular to their velocities, the ratio. 


of the radii r, : 7, of the circular paths described by them 


will be (2019) | 
(a) 1:V2 (b) 1:2 
(c) 1:3 (da) 1:V3 


. A moving coil galvanometer has a coil with 175 turns 


and area 1 cm’. It uses a torsion band of torsion constant 
10° N—-m/rad. The coil is placed in a magnetic field B parallel 
to its plane. The coil deflects by 1° for a current of 1 mA. 


The value of B (in Tesla) is approximately (2019) 
(a) 10° (6) 107 
(c) 10% (d) 10° 


. Acircular coil having N turns and radius r carries a current J. 


It is held in the XZ plane in a magnetic field Bi . The torque 


on the coil due to the magnetic field is (2019) 
Br’I . 
(a) Bur’ IN (6) Ty 
. : Bar’ 
(c) Zero (d) N 


. The magnitude of the magnetic field at the center of an 


equilateral triangular loop of side | m which is carrying a 
current of 10 A is : [Take p,, = 4m 10-7 NA”] (2019) 
(a) 18 wT (b) 3uT 
(c) 1 pT (da) 9uT 
Two very long, straight and insulated wires are kept at 90° 
angle from each other in xy-plane as shown in the figure. 


These wires carry currents of equal magnitude J, whose 
directions are shown in the figure. The net magnetic field 


at point P will be 
Moving Charges and Magnetism | 


—_ 


(2019). 


11. 


12. 


13. 


14, 


Bix x 

(a) Zero (b) te (2) 
ee i 
(©) ~sag(*+3) @ saglt+3) 


A rectangular coil (dimension 5 cm 2.5 cm) with 100 turns, 
carrying a current of 3 A in the clock-wise direction is kept 
centered at the origin and in the X-Z plane. A magnetic field 
of 1 T is applied along X-axis. If the coil is tilted through 45° 


about Z-axis, then the torque on the coil is (2019) ., 
(a) 0.55 Nm (b) 0.27 Nm 
(c) 0.38 Nm (d) 0.42 Nm 


An electron, moving along the x-axis with an initial 
energy of 100 eV enters a region of magnetic field 
B =(1.5x10°T)k at S (See figure). The field extends 
between x = 0 and x = 2 cm. The electron is detected 
at the point Q on a screen placed 8 cm away from the 
point S. The distance d between P and Q (on the screen) 
is (Electron’s charge = 1.6 x 10°! C, mass of electron 
=9.1 x 10°'kg) (2019) 


QO 


(a) 12.87 cm (b) 1.22 cm 
(c)- 11.65 cm (d) 2.25 cm 


A proton, an electron, and a Helium nucleus, have the same 
energy. They are in circular orbits in a plane due to magnetic 
field perpendicular to the plane. Let r,, 7, and r,, be their 
respective radii, then, ° (2019) 
(a) r,> 7, > Ty (b) r.<1,<THe 

(ORs (D> hPa 

Two wires A and B are carrying currents J, and J, as shown 
in the figure. The separation between them is d. A third 
wire C carrying a current / is to be kept parallel to them at a 
distance x from. A such that the net force acting on it is zero. 
The possible values of x are (2019) 


16. 


17. 


A C B 
1, x 1, 
d 
1 I 
(a) a lerau nd x =—— 
i=l, (1, +14) 
la 
b x=+ 1 
( ) (1, -1,) 


L I. 
x=| —~_ ldandx= 2g 
(c) tess ,-1,) 


i. f 
= <— |dandx =| —+*— 
ie tea on teak 


A particle of mass m and charge q has an initial velocity 
v=v,j. If an electric field E = Ei and magnetic field 


B=B,i act on the particle, its speed will double after a 


time (2020) 
(@ = o) 

gE, gE, 
(oe Wei a@ wm 

qE, qE, 


Proton with kinetic energy of 1 MeV moves from south 
to north. It gets an acceleration of 10'*m/s? by an applied 
magnetic field (west to east). The value of magnetic field. 


(Rest mass of proton is 1.6 x 10’ kg) (2020) 
(a) 7.1 mT (b) ‘71 mT 
(c) 0.71 mT (da) 0.071 mT 


A charged particle of mass ‘m’ and charge ‘q’ moving under 
the influence of uniform electric field. Zi and uniform 
magnetic field Bk followsa trajectory from point Pto Qas 
shown in figure. The velocities at P and Q are respectively, 
vt and -2vj. Then which of the following statements 


(A, B, C, D) are the correct ? (Trajectory shown is schematic 
and not to scale) 


Jy 


3 
B. Rate of work done by the electric field at P is =") 


a 


19. 


20. 


2h 


. Along, straight wire of 


C. Rate of work done by both the fields at Q is zero 


D. The difference between the i pa of ein 
momentum of the particle at P and Q is 2mav. ) 


(a) A, B,C (b) A, B,C, D 

(c) A,C,D (d) B,C, D a 
radius a carries a current distributed 
uniformly over its cross-section. The ratio of the magnetic 


a ' 
i ~ ectivel 
fields due to the wire at distance 3 and 2a, respectively 


from the axis of the wire is (2020) 
l 
3 (6) 2 

(a) 5 
3 — 

(c) 3 (d) 3 


An electron gun is placed inside a long solenoid of radius 
R on its axis. The solenoid has turns/length and carries 
a current J. The electron gun shoots an electron along the 
radius of the solenoid with speed v. If the electron does. not 
hit the surface of the solenoid, maximum possible value of 
y is (all symbols have their standard meaning) (2020) 


jb & 


(a) eumlR | (b) ey. uR 
a —s Ea 

2eu nIR eu nIR 

== @ BS 
m 4m 


A wire carrying current J is bent in the shape ABCDEFA 
as shown, where rectangle ABCDA and ADEFA are 
perpendicular to each other. If the sides of the rectangles 


are of lengths a and b, then the magnitude and direction of | 


magnetic moment of the loon ABCDEFA4 is (2020) 


F 

I 

Xe 7 
(a) abl, along Pied 
V5 Js 


a 
V2 V2 


(c) abl, along A, ih | 
| V2 


(b) 2 abl, along 


5 V5 


(a) V2 abl, along 4 Fi 


A beam of protons with speed 4 x l 
: 05 ; 
magnetic field of 0.3 T at an angle soe en a mn 
field. The pitch of the resulting helical fcinist : en is 
proto | 
JEE (XID Module-2 @ 


22. 


24. 


25. 


26. 


close to (Mass of the proton = 1.67 x 10°?’ kg, charge of the 


proton = 1.69 x 107 C) (2020) 
(a) 2cm (b) 12cm 
(c) Sem (d) 4cem 


A galvanometer coil has 500 turns and each turn has an 
average area of 3 x 104m’. If a torque of 1,5 Nm is required 
to keep this coil parallel to a magnetic field when a current 
of 0.5 A is flowing through it, the strength of the field 
(in T) is (2020) 


. Acharged particle carrying charge 1 .C is moving with © 


velocity (27 +3/'+ 4k)ms°'. [fan external magnetic field of 
(Si +37- 6k )x10°T exists in the region where the particle 
is moving then the force on the particle is Fx10°N, The 
vector F is (2020) 
(a) -3.074+3.27-0.9% — (b) -3007 +3207-90k 

(c) -0.307 +0.32j-0.09k (a) -30i +327 -9k 


A circular coil has moment of inertia 0.8 kg m? around any 
diameter and is carrying current to produce a magnetic 


moment of 20 Am?. The coil is kept initially in a vertical © 


position and it can rotate freely around a horizontal diameter. 
When a uniform magnetic field of 4 T is applied along the 
vertical, it starts rotating around its horizontal diameter. The 


angular speed the coil acquires after rotating by 60° will be » 
: (2020) 


(a) 10 rads" (6) 10nmrads! 

(c) 20. rad s7 (d) 20n rads" 

A wire A, bent in the shape of an arc of a circle, carrying a 
current of 2 A and having radius 2 cm and another wire B, 
also bent in the shape of arc of a circle, carrying a current 
of 3 A and having radius of 4 cm, are placed’as shown in 
the figure. The ratio of the magnetic fields due to the wires 
A and B at the common centre O is © (2020) 


(a) 2:5 
(c) 4:6 
A charged particle going around in a circle can be considered 


to be a current loop. A particle of mass m carrying charge 
q is moving in a plane with speed v under the influence of 


magnetic field B. The magnetic moment of this moving 


particle is (2020) 
_mvB my’ B 
(a) 2 B? (b) 2 RB? 
mv’ B mv’ B 
(c) ~s TR? 3 (d) - B 
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27. 


28. 


_ 29. 


30. 


31, 


32. 


A particle moving in the xy plane experiences a velocity 
dependent force / = k(v,i +v,j), where v, and v, are the x 
and y components of its velocity ¥. If @ is the acceleration 


of the particle, then which of the following statements is true 
for the particle? (2020) 


(a) Quantity ¥-a is constant in time. 

(b) Kinetic energy of particle is constant in time. 

(c) Quantity ¥x@ is constant in time. 

(d) F arises due toa magnetic field. 

A square loop of side 2a and carrying current / is kept in xz 
plane with its centre at origin. A long wire carrying the same 
current / is placed parallel to z-axis and passing through point 
(0, b, 0), (b >> a). The magnitude of torque on the loop about 


z-axis will be (2020) 
22 
Ula’ Ul ab 
@) ond ) Ta? +) 
Pa’b 2u,J°a’ 
————— @ aes 
2n(a? +b’) nb 


An electron is moving along +x direction with a velocity of 
6 x 10° ms". It enters a region of uniform electric field of 
300 V/cm pointing along +y direction. The magnitude and 
direction of the magnetic field set up in this region such that 
the electron keeps moving along the x direction will be 


(2020) 
(a) 5 x 10°T, along + z direction. 


(6) 5 x 10° T, along — z direction. 
8 


(c) 3 x 10°T, along + z direction. 
(d) 3 x 10% T, along — z direction. 
A loop of flexible wire of irregular shape carrying current 
is placed in an external magnetic field. Identify the effect of 
the field on the wire (2021) 


(a) Loop assumes circular shape with its plane ‘normal to 
the field. 


(>) Loop assumes circular shape with its plane parallel to 


the field. 
(c) Wire gets stretched to become straight. 
(d) Shape of the loop remains unchanged. 
Acoil having N turns is wound tightly in the form ofa spiral 


with inner and outer radii a and b respectively. Find the 
magnetic field at centre, when a current J passes through 


coil. . . (2021) 
Mol | a+b bol 14) 

(a) raped (6) ae b 
ll I(a-b LolN l (=) 

(c) tel (2-8) (@) 2(b-a) nee a 


A hairpin like shape as shown in figure is made by bending 
a long current carrying wire. What is the magnitude of a 
magnetic field at point P which lies on the centre of the 
semicircle?’ (2021) 


byl [yl 
—“(2- —(2- 
(@) 5-9) () (2-7) 
(c) Hol 9 4.) (d) Bot (24) 
2nr 4nr 


33. A coil in the shape of an equilateral triangle of side 10 cm 
lies in a vertical plane between the pole pieces of permanent 
magnet producing a horizontal magnetic field 20 mT. The 
torque acting on the coil when a current of 0.2 A is passed 
through it and its plane becomes parallel to the magnetic 
field will be Vx x10°Nm. The value of x is (2021) 


A proton, a deuteron and an @-particle are moving with 
same momentum in a uniform magnetic field. The ratio of 
magnetic forces acting on them is and their speed 
is , in the ratio. (2021) 
(a) 4:2:land2:1:1 (6) 2:1:1land4:2-] 
(c) 1:2:4and1:1:2 (dq) 1:2:4and2:1:1 

35. The fractional change in the magnetic field intensity at a 
distance ‘r’ from centre on the axis of current carrying coil 
of radius ‘a’ to the magnetic field intensity at the centre of 


34. 


the same coil is (Take r < a). (2021) 
2a 3a 

(a) 3 2 (b 2 r- 
3r° 2r 

© 55> 9 SS 


: 36. Given below are two statements: One is labelled as 
Assertion (A) and the other is labelled as Reason (R). 
Assertion (A): In uniform magnetic field, speed and energy 
remains the same for a moving charged particle. 

Reason (R): Moving charged particle experiences magnetic 

force perpendicular to its direction of motion. (2022) 

(a) Both (A) and (R) are true and (R) is the correct 
explanation of (A). 

(b) Both (A) and (R) are true but (R) is NOT the correct 
explanation of (A). 

(c) (A) is true but (R) is false. 

(d) (A) is false but (R) is true. 


37. The magnetic field at the centre of a circular coil of radius r, 
due to current / flowing through it, is B, The magnetic field 
at a point along the axis at a distance r/2 from the centre is 

(2022) 

(b) 2B 


o (a) 


(a) B/2 


o (3) 


39, 


40. 


Two charged particles, having S' 


¥ 


{ 
1 
same kinetic ener 


form magnetic figj4 
to pass through a unl d 
oe: vite to the direction of motion. If ss ae of radi 
perpendic cular paths is 6 : 5 and their resp nh asses 
vrai then, the ratio of their charges WI : 2 (2022) 
raul +, ’ : | 
(a) 8:5 (b) 5:4 = (c) a, (a) | | 
A charge particle is moving ina uniform mesetie field 
(2/ +3/)T. If it has an acceleration of (cH —47)m/s ae | 
the value of a is | 
(a) 3 (b) 6 (c) 12 (d) 2 | 
tons. If the operating | 
tron is used to accelerate pro erating 
nape Ald is 1.0 T and the radius of the cyclotron 'dees' jg _ 


60 cm, the kinetic energy of the accelerated abso in Mey 
will be (Use m, = 1.6 * 1077 kg, e= 1.6 * 10"°C] (2022) 
P 


(a) 12 (b) 18 (c). 16 (d) 32 
i i ing 10 A current is placed in 
41. A triangular shaped wire carrying l 
a Hatton magnetic field of 0.5 T, as shown in figure. The 
magnetic force on segment CD is 
[Given BC = CD = BD=5 cm] (2022) 
Magnetic 
field 5 cm 5 cm 
> 
aie ai B som E 
ne ee . 
(a) 0.126N (6) 0.312N (c) 0.216N (d) 0.245N 
JEE ADVANCED 


42. Consider the motion of a positive point charge in a region 


43. 


where there are simultaneous uniform electric and magnetic © 
fields E = E,j and B= B,j. At time t= O, this charge has © 
velocity v in the x-y plane, making an angle 0 with x-axis. 
Which of the following option(s) is(are) correct for time 
t>0? (2012) | 
(a) If6=0°, the charge moves inacircular path in the x-z plane. | 
(b) If 8 = 0°, the charge undergoes helical motion with | 

constant pitch along the y-axis. 
(c) If 8 = 10°, the charge undergoes helical motion with | 

its pitch increasing with time, along the y-axis. 


(d) If 8 = 90°, the charge undergoes linear but accelerated | 
motion along the y-axis. | 


ty of diameter a exists inside a cylinder of | 
wn in the figure. Both the cylinder and the | 
cavity are infinitely long. A uniform current density J flows | 
along the length. If the magnitude of the magnetic field at the | 


‘ — N 
point P is given by i Loa J, then the value of N is (2012) | 


ese | 
8" IEE (XI Module2 @ | 
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44. 


45. 


46. 


47. 


o 


A loop carrying current / lies in the x-y plane as shown in the 


figure. The unit vector k is coming out of the plane of the 
paper. The magnetic moment of the current loop is (2012) 


(a) ei 1] Je Tk 


(c) (Es }ervi 


An infinitely long hollow conducting cylinder with inner 
radius R/2 and outer radius R carries a uniform current 
density along is length. The magnitude of the magnetic field, 


w ( 


(d) a ia 


| B| as a function of the radial distance r from the axis is best 
a by 


aa 


A particle of mass ‘M and positive charge Q, moving 


(2012) 


TA 


with a constant velocity 7, =4ims"', enters a region of 
uniform static magnetic field normal to the x-y plane. 
The region of the magnetic field extends from x = 0 to 
x = L for all values of y. After passing through this 
region, the particle emerges on the other side after 
10 milliseconds with a velocity u, = 2(V3 i+ ‘i ) ms-!. The 
correct statement(s) is (are) (2013) 
(a) The direction of the magnetic field is —z direction 

(b) The direction of the magnetic field is +z direction 


units 


; 50”M 
(c) The magnitude of the magnetic field 


; . 100nM 
(d) The magnitude of the magnetic field is units 
A steady current / flows along an infinitely long hollow 
cylindrical conductor of radius R. This cylinder is placed 
coaxially inside an infinite solenoid of radius 2R. The 
solenoid has n turns per unit length and carries a steady 
current J, Consider.a point P ata distance r from the common 
axis. The correct statement(s) i is (are) (2013) 
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(a) In the region 0 <r < R, the magnetic field is non-zero. 

(b) Inthe region R <r <2R, the magnetic field is along the 
common axis, 

(c) Inthe region R <r <2R, the magnetic field is tangential 
to the circle of radius r, centered on the axis. 


(d) In the region r > 2R, the magnetic field is non—zero. 


Two parallel wires in the plane of the paper are distance x, 
apart. A point charge is moving with speed u between the 
wires in the same plane at a distance x, from one of the wires. 
When the wires carry current of magnitude / in the same 
direction, the radius of curvature of the path of the point 
charge is R,. In contrast, if the currents / in the two wires 
have direction opposite to each other, the radius of curvature 


of the path is R,. If *o = 3, the value of a is (2014) 


i} 2 


Paragraph for Questions 49 to 50: The figure shows a circular 
loop of radius a with two long parallel wires (numbered | and 2) 
all in the plane of the paper. The distance of each wire from the 


- centre of the loop is d. The loop and the wires are carrying the same 


current /. The current in the loop is in the counter clockwise 


directon if seen from above. 


49. 


50. 


_ aheight / above the loop. In that case 


(2014) 


When d ~ a but wires are not touching the loop, it is found 

that the net magnetic filed on the axis of the loop is zero at 

(2014) 

(a) Current in wire | and wire 2 is the direction PO and RS, 
respectively andh=a 

(6) Current in wire | and wire 2 is the direction PO and SR, 
respectively and h =a 

(c) Current in wire | and wire 2 is the direction PO and SR, 
respectively and h = 1.2a 

(d) Current in wire | and wire 2 is the direction PO and RS, 
respectively and h = 1.2a 


Consider d >> a, and the loop is rotated about its diameter 
parallel to the wires by 30° from the position shown in 
the figure. If the currents in the wires are, in the opposite 
directions, the torque on the loop at its new position will be 
(assume that the net field due to the wires is constant over 


the loop) (2014) 
Lyla? «hae 
(a) ~F (6) “39 
3M )l?a” a Leola’. 
) d 2d 


51. A symmetric star shaped conducting wire loop is carrying 

a steady state current / as shown in the figure. The distance 
between the diametrically opposite vertices of the star 
is 4a. The magnitude of the magnetic field at the center of the 


loop is (2017) 


(a) Be 6[ V5 -1] 


() Be" 3243] 


(@) 


- Auniform magnetic field B exists in the region between 


al 3~] 


3R ' ' 
x=Oand x= 7 (region 2 in the figure) pointing normally 


into the plane of the paper. A particle with charge +O and 

momentum p directed along x-axis enters region 2 from 

region 1 at point P; (v=—R). Which of the following option(s) 

is/are correct? (2017) 
“ 


Region 1 Region 3 


x 
x 

x 

x 

o|= x 

x 

+O P, x 
(v =-R) | x 
x 


3R/2 


(a) When the particle re-enters region 1 through the 


longest possible path in region 2, the magnitude of | 


the change in its linear momentum between P, and 
the farthest point from y-axis is p/./2 . 

(b) For a fixed B, particles of same charge Q and same 
velocity v, the distance between the point P, and the 
point of re-entry into region | is inversely proportional 
to the mass of the particle. : 


(c) For B= ss. , the particle will enter region 3 through 
. 13QR 
the point P, on x-axis. 


(d) For B> os , the particle will re-enter region 1. 


53. Two infinitely long straight wires lie in the xy-plane along the 


lines x =+R. The wire located atx =+R carries a constant current 
J, and the wire located at x = —R carries a constant current /,. 
A circular loop of radius R is suspended with its centre at (0,0, 
V3R ) and in a plane parallel to the xy-plane. This loop carries 
a constant / in the clockwise direction as seen from above the 
loop. The current in the wire is taken to be positive if it is in the 
+] direction. Which of the following statements regarding the 


magnetic field B is (are) true? (2018) 


54 


Sos 


(a) If I, = /, then B cannot be equal to zero at the origin 


(0, 0, 0). 

(b) If /,>0 and J, <0, then B can be equal to zero at the 
origin (0, 0, 9). 

(c) If /,>9 and /, > 0 then B can be equal to zero at the 
origin (0, 0, 0). . 

(d) If /, =/, then the z-component of the magnetic field at 


. (Bol 
the centre of the centre of the loop is (- OR : | 


In the x-y plane, the region y > 0 has a uniform magnetic 
field B, k and the region y <0 has another uniform magnetic 


field Byk _A positively charged particle is projected ee 
the origin along the positive y-axis with speed Vo= ms" at 
t= 0, as shown in the figure. Neglect gravity in this problem. 
Let ¢= T be the time when the particle crosses the x-axis 
from below for the first time. If B, = 48, the average speed 
of the particle, in ms“, along the x-axis in the time interval 
Tis (2018) 


A circular coil of radius R and N turns has negligible 
resistance. As shown in the schematic figure, its two ends 
are connected to two wires and it is hanging by those wires 
with its plane being vertical. The wires are connected to a 
capacitor with charge Q through a switch. The coil is in a 
horizontal uniform magnetic field B parallel to the plane 
of the coil. When the switch is closed, the Capacitor gets 
discharged through the coil in a very short time. By the 
time the capacitor is discharged fully, magnitude of the 
angular momentum gained by the coil will be (assume that 


the discharge time is so short that the coil has hardly rotated 
during this time) (2020) 


uj 2 


2nNOB,R? 
(c) 2 (4) 4nNOB,R? 


c ba z 
ORME 
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56. Two concentric circular loops, one of radius R and the other 


_of radius 2R, lie in the xy-plane with the origin as their 
common center, as shown in the figure. The smaller loop 
carries current /, in the anti-clockwise direction and the 
larger loop carries current /, in the clockwise direction, with 
I, > 21). B(x, y) denotes the magnetic field at a point (x, y) 
in the xy-plane. Which of the following statement(s) is(are) 
correct? (2021) 


(a) B(x,y) is perpendicular to the xy-plane at any point in 
the plane. 


(d) ea y)| depends on x and y only through the radial 


distance r=,x°+y . 


v 
")) 
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(c) |B(x,y)| is non-zero at all points for r < R. 


(d) B(x,y) points normally outward from the plane for all 
the points between the two loops. 


57. Which one of the following options represents the magnetic 


field B at O due to the current flowing in the given wire 
segments lying on the xy plane? (2022) 
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